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(54) Bicycle suspension 

(57) A computer controlled suspension system is 
provided for a bicycle, which can effectively absorb 
shock and provide stability on rough surfaces regard- 
less of the speed of the vehicle. The suspension system 
has a control unit 1 8, a front suspension, a rear suspen- 
sion, a front wheel terrain sensor 41 , and a rear control- 
ler. The rear suspension is selectively adjustable by the 
control unit 18 to change stiffness of the rear suspen- 
sion. When the front suspension hits a bump or a de- 
pression in the surface of the ground, a signal is sent to 
the rear controller so that the rear suspension can react 
appropriately. In one embodiment, a pedaling torque 
sensor 43 is operatively coupled to the control unit 18 



to input a signal that is indicative of pedaling force, and 
the rear controller adjusts stiffness of the rear suspen- 
sion in response to the pedaling force via the control unit 
18. In another embodiment, one or more gear position 
sensors 44, 45 are operatively coup led to the control unit 
18 to input a signal that is indicative of gear position, 
and the rear controller adjusts stiffness of the rear sus- 
pension in response to the gear position force via the 
control unit 18. A locking mechanism is provided to op- 
eratively coupled to selectively lock the rear suspension 
in a compressed condition. The front and rear suspen- 
sion preferably uses at least cylinder 50,70 with a coil 
spring 60,80 and a compressible material 96 located be- 
tween individual turns of the coil spring. 
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Description 



BACKGROUND OF THE INVENT!* 




1 . Field of the Invention 5 

[0001] This invention generally relates to suspension 
systems. More specifically, one aspect of the present 
invention relates to computer controlled suspension 
systems for a bicycle. 

2. Background Information 

[0002] Various forms of suspension systems have 
been developed for vehicles in general and bicycles in 
particular. Bicycles, especially mountain bikes (MTB) 
and all terrain bikes (ATB), have been outfitted with front 
and/or rear suspension assemblies and systems to ab- 
sorb the shock that would have been transmitted to the 
rider when riding on a rough road. These suspension 
assemblies range from very simple to very complex. 
[0003] These suspension assemblies and systems, 
however, have been unable to suppress adequately the 
bucking action that often occurs when a rider traverses 
a bump or dip. This bucking effect is more pronounced 
at higher speeds, often resulting in the rider losing con- 
trol and/or being thrown from the bicycle. The reason for 
this problem is that there has not been an efficient way 
to vary the rigidity of the suspension system while the 
bicycle is in motion. 

[0004] Examples of some prior art bicycles utilizing 
rear suspension assemblies are disclosed in the follow- . 
ing U.S. Patent Nos.: 5,445,401 to Bradbury; 5,470,090 
to Stewart et al.; 5,509,677 to Bradbury; 5,586,780 to 
Klein et al.; 5,597,169 to Bradbury; 5,921,572 to Bard 
et al.; 5,924,71 4 to Farris et al.; 6,050,583 to Bohn; and 
6,095,541 to Turner et ai. 

[0005] Vehicle suspension assemblies and systems 
often react to the weight of the operator by being com- 
pressed. In other words, the center of gravity is lowered 
when the operator mounts or enters the vehicle. Simi- 
larly, the center of gravity is raised when operator dis- 
mounts or exits the vehicle. Such variations in height 
can make mounting and dismounting or entering and ex- 
iting difficult. 

[0006] In view of the above, there exists a need for 
bicycle suspension systems which overcome the above 
mentioned problems in the prior art. This invention ad- 
dresses this need in the prior art as well as other needs, 
which will become apparent to those skilled in the art 
from this disclosure. 

SUMMARY OF THE INVENTION 

[0007] One object of the present invention is to pro- 
vide a computer controlled suspension system for a ve- 
hicle, preferably a bicycle, which can effectively absorb 
shock and provide stability on rough surfaces regard- 



less of the speed of the vehicle. 
[0008] Another object of the^H^ent invention is to 
provide a computer controlled^^^nsion system for a 
vehicle, preferably a bicycle thl^ran effectively absorb 
shock and provide stability on rough inclined surfaces. 
[0009] Another object of the present invention is to 
provide an active controlled suspension for a vehicle, 
preferably a bicycle, which can adapt to various road 
conditions, e.g., smooth, rough, incline, declines, etc., 
without compromising handling or efficiency. 
[0010] Still another object of the present invention is 
to provide a suspension system for a vehicle, preferably 
a bicycle, which has a variable damper to allow the ve- 
hicle to adapt better to different terrains and slopes. 
[0011] Another object of the present invention is to 
provide a dampening mechanism for a vehicle, prefer- 
ably a bicycle, that includes a coil spring and elastomer 
that will produce a higher spring constant. 
[0012] Yet another object of the present invention is 
to provide a suspension system that allows the vehicle, 
preferably a bicycle, to maintain a fixed height regard- 
less of the weight or force borne by the vehicle at rest. 
[0013] In accordance with certain aspects of the 
present invention, a bicycle suspension system is pro- 
vided that comprises a control unit, a front suspension, 
a rear suspension, a front wheel terrain sensor, and a 
rear controller. The control unit is coupled to the bicycle 
frame. The front suspension is configured to be coupled 
between the bicycle frame and the front wheel such that 
the front wheel is movable relative to the bicycle frame 
in response to a shock applied to the front wheel. The 
rear suspension is configured to be coupled between 
the bicycle frame and the rear wheel such that the rear 
wheel is movable relative to the frame in response to a 
shock applied the rear wheel. The rear suspension is 
selectively adjustable by the control unit to change stiff- 
ness of the rear suspension. The front wheel terrain sen- 
sor is operatively coupled to the control unit to input a 
first signal that is indicative of an amount of compression 
or expansion of the front suspension. The rear controller 
is operatively connected to the rear suspension and the 
control unit so that the control unit adjusts stiffness of 
the rear suspension in response to the amount of com- 
pression or expansion of the front suspension. 
[0014] In accordance with certain aspects of the 
present invention, a bicycle is equipped with a front sus- 
pension and rear suspension. The vehicle has at least 
one front and at least one rear tire. The dampening fac- 
tor, i.e. the rigidity, of the rear suspension is controlled 
by the front suspension. When encountering a protru- 
sion or depression the front suspension is compressed 
or expanded accordingly. The amount of compression 
or expansion can then be related to the rear suspension 
via a computer or through a manual apparatus. The 
computer or manual apparatus adjusts the rigidity of the 
rear suspension upward or downward as needed. The 
adjustment happens at a time determined by the speed 
of the vehicle, weight distribution, the size of the protru- 
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sion or depression, the force at wh ich t he vehicle im- 
pacted the protrusion or depressio^^^J the distance 
between the front and rear susperraBR and tires. If, 
however, no protrusions or depressions are encoun- 
tered the front and rear suspensions remain essentially 
fixed, providing superior handling for the operator. 
[0015] The dampening factor is preferably adjusted 
by a computer or manually according to the riding con- 
ditions. For example, if an operator is pedaling a bicycle 
uphill, the slope, weight distribution, and crank torque 
contribute to placing more pressure on the rear tire. Sim- 
ilarly, if an operator is pedaling downhill, the above men- 
tioned factors contribute to placing more pressure on the 
front tire. If the suspension is soft then a loss of control 
can result. The suspension system of the present inven- 
tion would automatically stiffen when the grade of the 
hill exceeds 5%. Furthermore, when braking suddenly, 
force and weight distributions sometimes tend to shift 
forward due to momentum. The dampening mechanism 
of the present invention would adjust for sudden braking 
by stiffening suspension system, thus giving the opera- 
tor greater control. Similarly, when the operator is accel- 
erating, the weight distribution tends to shift rearward. 
A soft suspension would not be ideal in these situations 
because the rear wheel would tend to drop, making the 
efforts of the operator less efficient. The dampening 
mechanism of the present invention would compensate 
for this by stiffening the suspension system when the 
chain tension exceeds 50 kgs. While riding at slow 
speeds a soft suspension system is not preferred. The 
suspension system of the present invention would stiff- 
en at speeds under 8 km/h. 

[0016] Some of the above mentioned aspects of the 
present invention can be attained by a bicycle suspen- 
sion system that comprises a control unit, a suspension, 
a bicycle driving sensor and a controller. The suspen- 
sion is configured to be coupled between first and sec- 
ond parts of a bicycle that are movable relative to each 
other in response to a shock applied to the bicycle. The 
suspension is selectively adjustable by the control unit 
to change stiffness of the suspension. The bicycle driv- 
ing sensor operatively coupled to the control unit to input 
a first signal that is indicative of bicycle driving force. 
The controller is operatively connected to the suspen- 
sion and the control unit so that the control unit adjusts 
stiffness of the suspension in response to the bicycle 
driving force. 

[0017] Some of the above mentioned aspects of the 
present invention can be attained by a bicycle suspen- 
sion system that comprises a control unit, a suspension, 
a bicycle driving sensor, a controller and a velocity sen- 
sor. The suspension is configured to be coupled be- 
tween first and second parts of a bicycle that are mov- 
able relative to each other in response to a shock ap- 
plied to the bicycle. The suspension is selectively ad- 
justable by the control unit to change stiffness of the sus- 
pension. The bicycle driving sensor operatively coupled 
to the control unit to input a first signal that is indicative 



of bicycle driving force. The controller is operatively con- 
nected to the suspension and tb^ontrol unit so that the 
control unit adjusts stiffness suspension in re- 

sponse to the bicycle driving forced he velocity sensor 

5 is operatively coupled to the control unit to input a sec- 
ond signal that is indicative of forward velocity. 
[0018] Bicycles with multiple sprockets for changing 
gears can perform better with suspension systems that 
have variable firmness. A typical multi-sprocket bicycle 

10 has two front sprockets one larger than the other and 
several rear sprockets of varying diameters. To maxi- 
mize pedaling efficiency, the suspension system of the 
present invention would stiffen when the smaller front 
sprocket is used. The suspension system of the present 

15 invention would also stiffen when the larger front sprock- 
et is used and either of the two largest rear sprockets 
are also used. 

[0019] This aspect of the present invention can be at- 
tained by a bicycle suspension system that comprises 

20 a control unit, a suspension, a first gear position sensor 
and a controller. The suspension is conf igu red to be cou- 
pled between first and second parts of a bicycle that are 
movable relative to each other in response to a shock 
applied to the bicycle. The suspension is selectively ad- 

25 justable by the control unit to change stiffness of the sus- 
pension. The first gear position sensor is operatively 
coupled to the control unit to input a first signal that is 
indicative of gear position. The controller is operatively 
connected to the suspension and the control unit so that 

30 the control unit adjusts stiffness of the rear suspension 
in response to the gear position. 
[0020] In accordance with certain aspects of the 
present invention, a bicycle, is equipped with a front sus- 
pension and a rear suspension. The vehicle has at least 

35 one front and one rear tire. The dampening factor, i.e. 
the rigidity, of the rear suspension is controlled by the 
front suspension. When encountering a protrusion or 
depression on an incline or decline the front suspension 
is compressed or expanded accordingly. The amount of 

40 compression or expansion can then be related to the 
rear suspension via a computer. The computer adjusts 
the rigidity of the rear suspension upward or downward 
as needed. The adjustment happens at a time deter- 
mined by the speed of the vehicle, the size of the pro- 

45 trusion or depression, the force at which the vehicle im- 
pacted the protrusion or depression, and the distance 
between the front and rear suspensions and tires. The 
adjustment of the rear suspension also depends upon 
weight distribution of the operator, slope of the incline 

so or decline, crank torque, and gear combination. 

[0021] In accordance with certain aspects of the 
present invention, a dampening mechanism includes a 
coil spring assembly. The coil spring assembly has a coil 
spring and an elastomerto produce a higher spring con- 

55 stant. The elastomer can be placed directly on the coil 
spring as a coating creating an elastomer coated coil 
spring. Depending on the cross-sectional shape of the 
elastomer coated coil spring, the wire diameter or thick- 
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ness of the coil spring assembly would increase. The 
gap between the coils would dec^^ accordingly. 
Therefore, the elastomer coated co^^ng cannot be 
compressed as much as the same coil spring were it not 
coated. Thus, the elastomer coated coil spring has an 
increased spring constant. 

[0022] In accordance with certain aspects of the 
present invention, a dampening mechanism includes a 
coil spring and an elastomer to produce a higher spring 
constant. The elastomer is placed between the gaps of 
the coils of the coil spring in any number of ways. The 
elastomer can be fashioned like a coil spring so that 
when compressed there would be no or very little space 
from the center to the outer periphery. The elastomer 
can be fashioned like a ladder with rings acting as the 
ladder rungs and sidepieces. Alternatively, the elas- 
tomer can be fashioned like a ladder with rings and only 
one sidepiece. The elastomer can be assembled with 
the coil spring so that the elastomer rings or coils fit be- 
tween the coils of the coil spring. With the elastomer 
rings or coils fixed between the coil gaps of the coil 
spring, the coil spring cannot be compressed as much 
were the elastomer not present. Thus, the coil spring 
with an elastomer fixed between the coils of the coil 
spring has an increased spring constant. 
[0023] In accordance with certain aspects of the 
present invention, a bicycle suspension unit is provided 
that comprises a cylinder, a piston and a dampening 
mechanism. The cylinder has a first mounting portion 
and a chamber with an opening and an abutment. The 
piston having a first end portion movably coupled in the 
chamber of the cylinder and a second mounting portion. 
The dampening mechanism is positioned within the 
chamber between the abutment and the piston, the 
dampening mechanism including a coil spring and a 
compressible material located between individual turns 
of the col! spring. 

[0024] In accordance with certain aspects of the 
present invention, a bicycle has a suspension system 
that allows the vehicle to maintain a fixed height regard- 
less of the weight or force borne by the vehicle at rest. 
By way of a computer or manually controlled fluid or me- 
chanical lock, the vehicle maintains a fixed height. Usu- 
ally when an operator mounts a bicycle with a conven- 
tional suspension system, the height of the bicycle de- 
creases due to the compression of the suspension sys- 
tem caused by the weight of the operator. Often the op- 
erator must dismount or straddle the bicycle, e.g., at a 
stoplight, the conventional suspension system decom- 
presses increasing the height of the bicycle. This can 
make mounting and dismounting difficult. The suspen- 
sion system of the present invention has a damper 
mechanism that allows the height of the vehicle, prefer- 
ably a bicycle, to remain fixed when mounting or dis- 
mounting. When an operator mounts the bike, the 
damper mechanism of the suspension system compen- 
sates for his or her weight. When the operator dismounts 
thefluid ormechanical lock, eithermanually or by a com- 



puter, locks the damper mechanism in place so that it 
will not decompress and elevat^te height of the vehi- 
cle. The constant height allow^^Basier and more ef- 
ficient mounting and dismountir^r 
5 [0025] In accordance with certain aspects of the 
present invention, a bicycle suspension system is pro- 
vided that comprises a control unit, a rear suspension 
and a locking mechanism. The rear suspension has a 
cylinder with a first mounting portion and a chamber with 
10 an opening and an abutment, and a piston with a first 
end portion movably coupled in the chamber of the cyl- 
inder and a second mounting portion. The locking mech- 
anism is operatively coupled to the rear suspension to 
selectively lock the piston and the cylinder in a corn- 
's pressed condition when mounted on a bicycle, the lock- 
ing mechanism being moved between an unlocked po- 
sition and a locked position by the control unit. 
[0026] These and other objects, features, aspects 
and advantages of the present invention will become ap- 
20 parent to those skilled in the art from the following de- 
tailed description, which, taken in conjunction with the 
annexed drawings, discloses a preferred embodiment 
of the present invention. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] Referring now to the attached drawings which 
form a part of this original disclosure: 

30 Figure 1 is an elevational view of a bicycle having 
front and rear suspension assemblies in accord- 
ance with one embodiment of the present invention 
with the front suspension assembly compressed; 

35 Figure 2 is an elevational view of the bicycle with 
the front and rear suspension assemblies illustrated 
in Figure 1 with the front suspension assembly ex- 
tended; 

40 Figure 3 is a block diagram illustrating a suspension 
control assembly for controlling the front and rear 
suspension assemblies; 

Figure 4 is a cross-sectional view of one of the front 
45 cylinders for the front suspension assembly in ac- 
cordance with the present invention; 

Figure 5 is a cross-sectional view of a rear cylinder 
for the rear suspension assembly in accordance 
50 with the present invention; 

Figure 6 is a diagrammatic illustration of a hub dy- 
namo for either the front or rear hubs of the bicycle 
in accordance with the present invention; 

55 

Figure 7 is a diagrammatic view of the hub dynamo 
illustrated in Figu re 6 in accordance with the present 
invention; 
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Figure 8 is a cross-sectional view of the bottom 



bracket of the bicycle illustrate 
trate pressure sensors utilized tl 
daling force; 



lure 1 to illus- 
rmine the pe- 



Figure 9 is a partial perspective view of a portion of 
the bicycle illustrated in Figure 1 , which illustrates 
a pedal force sensor and a crank force sensor; 



of Figure 18 after being compressed; 



Figure 21 is a partial cros^^Bonal view of the in- 
ner tubular member and coir^ring with an alternate 
embodiment of a compressible member or material 
located between the turns of the coils spring for use 
with the front and rear suspension assemblies illus- 
trated in Figures 1 and 2; 



Figure 10 is a schematic elevational view of the 10 
drive train for the bicycle illustrated in Figure 1 , 
which shows the chain tension sensor; 

Figure 11 is a partial top plan view of the bicycle 
illustrated in Figure 1 to show the computer display is 
module, the gear position sensors and the magnetic 
wheel speed or forward velocity sensor; 

Figure 12 is a schematic diagram of the drive train 
for the bicycle of Figure 1 ; 20 

Figure 13 is a partial elevational view of the fluid 
conduit connecting the front and rear suspension 
assemblies with the valve in the closed position; 

25 

Figure 14 is an end elevational view of the portion 
of the fluid conduit illustrated in Figure 13 with the 
control valve in the closed position; 

Figure 1 5 is a side elevational view of the portion of 30 
the fluid conduit illustrated in Figures 1 3 and 1 4 with 
the control valve in the open position; 

Figure 16 is an end elevational view of the portion 
of the fluid conduit illustrated in Figure 15 with the 35 
control valve in the open position; 

Figure 1 7 is a partial elevational view of the bicycle 
illustrated in Figure 1 with a mechanical lock being 
coupled thereto in accordance with another aspect 40 
of the present invention; 

Figure 1 8 is a partial cross-sectional view of the in- 
ner tubular member with a coii-shaped compressi- 
ble member or material located between the turns 45 
of the coil spring for use with the front and rear sus- 
pension assemblies illustrated in Figures 1 and 2 in 
accordance with another aspect of the present in- 
vention; 

50 

Figure 19 is a partial cross-sectional view of a coil 
spring and compressible member illustrated in Fig- 
ure 1 8 as viewed along section line 1 9-1 9 of Figure 
18; 

55 

Figure 20 is a partial cross-sectional view of the coil 
spring and compressible member illustrated in Fig- 
ures 18 and 19 as viewed along section line 19-19 



Figure 22 is a partial cross-sectional view of the coil 
spring and compressible member illustrated in Fig- 
ure 21 as viewed along section line 22-22 of Figure 
21; 

Figure 23 is a partial cross-sectional view of the coil 
spring and compressible member illustrated in Fig- 
ures 21 and 22 as viewed along section line 22-22 
of Figure 21 after being compressed; 

Figure 24 is a partial cross-sectional view of the in- 
ner tubular member having an alternate embodi- 
ment of a coil spring with an elastomeric coating of 
compressible material on the turns of the coil spring 
for use with the front and rear suspension assem- 
blies illustrated in Figures 1 and 2; and 

Figure 25 is a partial cross-sectional view of the 
coated coil spring illustrated in Figure 24 as viewed 
along section line 25-25 of Figure 24 before com- 
pression. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0028] Referring initially to Figures 1 and 2, a bicycle 
10 is illustrated, which has a frame 12 with a front sus- 
pension assembly 14, a rear suspension assembly 16 
and a computer or control unit 1 8 in accordance with the 
present invention. 

[0029] The control unit 18 can be installed internally 
or externally of a part of the bicycle 1 0. The control unit 
18 is preferably a small conventional computer device 
with a CPU that is operatively connected to the front and 
rear suspension assemblies 14 and 16, respectively for 
individually controlling their stiffnesses. When the front 
tire hits a bump or a depression in the surface of the 
ground, the front suspension assembly 14 reacts and a 
signal is sent to the control unit 18 to adjust rear sus- 
pension assembly 16 so that the rear suspension as- 
sembly 1 6 can react appropriately. 
[0030] The bicycle 1 0 further includes a rear wheel 1 9 
rotatably coupled about rear hub 19a, a front wheel 20 
rotatably coupled about front hub 20a and a drive terrain 
assembly 22 for propelling bicycle 10. Drive terrain as- 
sembly 22 basically includes a bottom bracket 23, a pair 
of front chain rings or sprockets 24 and 25, a pair of 
crank arms 26 with pedals 27, a drive chain 28 and a 
plurality of rear sprockets 31 -35 coupled to rear hub 1 9a 
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of rear wheel 1 9 in a conventional manner. Since these 
parts of bicycle 1 0 are well known irj^^krt, these parts 
will not be discussed or illustrated l^^ail herein, ex- 
cept as they are modified to be used in conjunction with 
the present invention. Moreover, various conventional 
bicycle parts such as brakes, derailleurs, additional 
sprocket, etc., which are not illustrated and/or discussed 
herein, can be used in conjunction with the present in- 
vention. 

[0031] Specifically, as a rider or operator (not shown) 
navigates a bump A, the front suspension assembly 14 
is compressed accordingly in reaction to the force ex- 
erted on the front tire from the bump as shown in Figure 
1 . The degree to which the front suspension assembly 
1 4 compresses depends on several factors or parame- 
ters. These factors include the weight and weight distri- 
bution of the operator, the speed of the bicycle 10, the 
height of the bump A, and the incline or decline of the 
road or path of which the bump is part. 
[0032] Considering the above variables for the com- 
puter controlled suspension along with a current torque 
and gear selection of the bicycle 1 0, the control unit 1 8 
selectively transmits electrical signals to the front and 
rear suspension assemblies 14 and 16 to control their 
stiffnesses. The front and rear suspension assemblies 
14 and 16 will either stiffen or soften accordingly based 
on the signals received from the control unit 18. A bat- 
tery or generator 21 is preferably used to supply electri- 
cal power to the control unit 18. 
[0033] The rear suspension assembly 1 6 responds to 
the signal in accordance with the speed of the bicycle 
10 and a determined distance B between the front and 
reartires of the bicycle 10. The control unit 18 calculates 
a response time in part by the distance B between the 
front and rear tires of the bicycle 1 0 at rest and the 
amount of expansion and/ or compression of the front 
suspension assembly 14. Thus, the rear suspension as- 
sembly 1 6 responds at the appropriate time with the ap- 
propriate resistance as controlled by the control unit 1 8, 
[0034] Preferably, the stiffness of the rear suspension 
assembly 1 6 is made softer by the control unit 1 8 when 
the vertical acceleration exceeds approximately 0.5G. 
The stiffness of the rear suspension assembly 16 is 
made stiffer by the control unit 18 when the horizontal 
acceleration exceeds approximately 1 .0G. The stiffness 
of the front suspension assembly 1 4 is also made stiffer 
by the control unit 18 when the horizontal acceleration 
exceeds approximately LOG. The stiffnesses of the 
front and rear suspension assemblies 14 and 16 are al- 
so made stiffer by the control unit 18 when the control 
unit 18 calculates a forward inclination of approximately 
five percent from horizontal. The stiffness of the rear 
suspension assembly 1 6 is also made stiffer by the con- 
trol unit 18 when the control unit 18 calculates a chain 
tension exceeding 50 kgs and/or a horizontal velocity 
under 8 km/h. If the crank revolution is 0 to 30 rpm, then 
the rear suspension assembly 1 6 is soften by the control 
unit 18. If the crank revolution exceeds 30 rpm, then the 



rear suspension assembly 1 6 is stiffened by the control 
unit 18. 

[0035] The control unit 18 a plurality of sen- 

sors 41 -45 to determine when toSectronically adjust the 

5 front and/or rear suspension assemblies 14 and 16 in 
response to various factors or conditions. Preferably, 
the sensors 41-45 for this embodiment include a front 
wheel terrain sensor 41 , a velocity sensor 42, one or 
more bicycling driving sensors 43, 43', 43" or 43 m and 

10 a pair of gear position sensors 44 and 45. These sensors 
41-45 are electrically coupled to the control unit 18 by 
electrical wires in a conventional manner for inputting 
various electrical signals, which are indicative of certain 
conditions. The signals from the sensors 41 -45 are pref- 

15 erably electrical signals that are utilized by the control 
unit 1 8 to calculate various conditions affecting the bi- 
cycle 10. Of course, more or other types of sensors can 
be used as necessary depending on the type of suspen- 
sion assemblies used and/or the factors/conditions de- 

20 sired for adjusting the stiffness of the suspension as- 
semblies 1 4 and 1 6. The control unit 1 8 can be connect- 
ed to additional sensors located on other parts of the 
bicycle to sense other riding factors. 
[0036] Preferably, the control unit 1 8 is programmable 

25 either by the rider or by the bicycle manufacturer such 
that the stiffness of the front and rear suspension as- 
semblies 14 and 16 will be adjusted based on one or 
more of the various parameters that have been sensed 
and calculated. In other words, the amount of stiffness 

30 can be modified based on one or more of the above 
mentioned parameters. Moreover, it is within the scope 
of this invention for the rider to program which variables 
will increase of decrease the stiffness of the suspension 
assemblies. 

35 [0037] Similarly, in Figure 2, if the operator attempts 
to navigate a depression C, the front suspension assem- 
bly 14 expands in reaction to the depression C. The de- 
gree to which the front suspension assembly 14 ex- 
pands depends on several factors or parameters. These 

to factors include the weight and weight distribution of the 
operator, the speed of the bicycle 1 0, the height of the 
bump A, and the incline or decline of the road or path of 
which the bump is part. The front wheel terrain sensor 
41 is provided for measuring these factors or conditions. 

45 Of course, more than two sensors may be provided as 
necessary depending on the type of front wheel terrain 
sensor 41 utilized in controlling the suspension assem- 
bly and the factors/conditions desired to computer con- 
trol the suspension assembly. 

so [0038] The front wheel terrain sensor 41 is electrically 
coupled to control unit 18 to input a signal that is indic- 
ative of the amount of compression and/or expansion of 
the front suspension assembly 14. Preferably, this front 
wheel terrain sensor 41 is an accelerometer that can be 

55 utilized to determine a plurality of conditions, including 
forward velocity, tilt, horizontal acceleration and vertical 
acceleration of the bicycle. Preferably, the accelerome- 
ter is a biaxial accelerometer that operates along two 
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axes disposed substantially perpendicularto one anoth- 
er. One of the axes of the accelerom^^oriented sub- 
stantially horizontally, i.e., parallel to^^Porward direc- 
tion of travel of bicycle 1 0. The other axis of the accel- 
erometer is oriented substantially vertically. The biaxial 
accelerometer measures forward velocity and tilt of the 
bicycle along the horizontal axis, while vertical acceler- 
ation of the bicycle 10 is measured along the vertical 
axis. The measurements of the accelerometer are com- 
bined to produce the input signal representative thereof. 
The input signal preferably includes a DC signal and an 
AC signal. The tilt of the bicycle 10 is preferably deter- 
mined by variations in the DC signal compared to the 
gravitational vector. The control unit 18 performs the 
electrical calculation to determine the amount of tilt. The 
forward velocity is determined by the control unit 1 8 us- 
ing an integration of the acceleration in the horizontal 
direction. The vertical acceleration is also determined 
by the control unit 1 8 which utilizes direct measurement 
of the AC signal aptitude in the vertical direction. The 
vertical acceleration of the bicycle 10 indicates the de- 
gree of compression and expansion of the front suspen- 
sion assembly 16. 

[0039] P ref erably, a separate velocity sensor 42 is uti- 
lized to determine the forward velocity. Of course, the 
forward velocity can be obtained from the measure- 
ments of the front wheel terrain sensor 41 if an acceler- 
ometer is used. This velocity sensor 42 utilizes a magnet 
46 attached to a spoke of the front wheel 20 as seen in 
Figure 1 . The velocity sensor 42 is a device that senses 
the magnet 46 for determining the revolutions per 
minute of the wheel 20. 

[0040] As seen in Figures 6 and 7, in the case where 
the front hub 20a has the velocity sensor 42', the front 
hub 20a is formed as hub dynamo generates AC voltage 
that is indicative of forward velocity. More specifically, 
ihe housing of the front hub 20a has a plurality of cir- 
cumferentially spaced apart magnets 46' that are locat- 
ed adjacent to the stator yoke 47' of the front hub 20a. 
Thus, the magnets 46' and the stator yoke 47 of the front 
hub 20a form the velocity sensor 42', which sends AC 
voltage as a speed signal. The AC voltage from the ve- 
locity sensor 42' indicates the revolutions per unit of time 
of the front hub 20a by sensing how often the plus pole 
and minus pole changed per time. Thus, the control unit 
1 8 utilizes AC voltage for calculating forward velocity of 
bicycle 10. 

[0041 ] Alternatively, a crank speed sensor 42" can be 
used to determined the revolutions per minute of the 
crank. As seen in Figure 8, the crank speed sensor 42" 
is mounted to a portion of main frame 1 2a and a magnet 
46" is mounted to one of the crank arms 26 for measur- 
ing revolutions per unit of time of the crank arm 26. If 
the crank revolution is 0 to 30 rpm, then the rear sus- 
pension assembly 16 is soften by the control unit 18. If 
the crank revolution exceeds 30 rpm, then at least the 
rear suspension assembly 1 6 is stiffened by the control 
unit 18. 



[0042] As seen in Figures 8-1 0, four different types of 
driving sensors 43, 43', 43" an|^*" are illustrated for 
providing information on the a^^B of driving force or 
torque being transmitted by the^roer to the bicycle 10. 

5 The bicycle driving sensors 43, 43', 43" and 43'" can all 
be used together or only one of these sensors could be 
utilized for contra lling the stiffnesses of the front and rear 
suspension assemblies 14 and 16. In other words, the 
control unit 18 can be programmed to receive electrical 

10 signals from each of the sensors 43, 43\ 43" and 43'", 
and then determine the desired stiffnesses of the front 
and rear suspension assemblies 14 and 16. It will be 
apparent to those skilled in the art from this disclosure 
that the precise programming for the stiffnesses of the 

15 front and rear suspension assemblies 14 and 16 will 
vary depending upon the rider's skill and/or the type of 
riding. 

[0043] As seen in Figure 8, the bicycle driving sensor 
43 is preferably a pedaling torque sensor that utilizes a 
20 plurality of pressure sensors 43a that are disposed at 
various circumferential positions within the bottom 
bracket housing. The precise construction of the bicycle 
driving sensor 43 is not important to the present inven- 
tion. 

25 [0044] Asseen in Figure 9, the main bicycle frame 12a 
is provided with a telemeter 48 that is electrically con- 
nected to control unit 1 8 for receiving electrical signals 
transmitted from telemeters 48' and 48". The telemeter 
48' is electrically coupled to a strain gauge 49' that is 

30 mounted on the pedal crank arm 26 of the bicycle 10, 
while the telemeter 48" is electrically connected to a 
strain gauge 49" that is mounted on the pedal 27. The 
telemeters 48' and 48" receive electrical data or signals 
that are indicative of the force and/or torque being ap- 

35 plied to the crank arm 26 and the pedal 27, respectively, 
by the pedaling action of the rider. Telemeters 48' and 
48" then send ortransferthe data or signals to telemeter 
48, which in turn transfers the data or signal to control 
unit 18, Thus, telemeter 48' and strain gauge 49' form 

40 the crank force or torque sensor 43', while the telemeter 
48" and strain gauge 49" form the pedaling force sensor 
43". 

[0045] As seen in Figure 1 0, the bicycle driving sensor 
43'" is a chain tension sensor having a tension sensing 

^5 arm 43a 1 " with a pair of tensioning rollers 43b'" at each 
end. The tension sensing arm 43a'" is coupled to the 
rear frame 1 2b for pivotal movement. The tension sens- 
ing arm 43a" 1 is biased by a spring (not shown) such that 
the rollers 43b m contact the chain 28 on opposite sides 

50 so as to cause the chain 28 to bend partially around each 
of the rollers 43b'". When the chain tension increases, 
the chain 28 will urge the rollers 43b"' against the force 
of the spring on the tension sensing arm 43a' n so as to 
rotate the tension sensing arm 43a'". This rotation of the 

55 tension sensing arm 43a'" causes a pressure switch (not 
shown) to be engaged indicating the amount of tension 
being applied to the chain 28. A signal indicative of the 
amount of chain tension in chain 28 is then sent to the 
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control unit 18 so as to determine the appropriate stiff- 
nesses of the front and/or rear su^^on assemblies 
14 and 18. 

[0046] Accordingly, it would be apparent to those 
skilled in the art from this disclosure bicycle that various 
other types of sensors may be utilized to determine bi- 
cycle driving sensors that can be used to indicate the 
force and/or torque being inputted into the bicycle 10. 
For example, the bicycle driving sensors can be any 
type of sensors that produce a signal based on move- 
ment of a bicycle crank, a bicycle pedal, a bicycle bottom 
bracket or a bicycle chain. The bicycle driving sensors 
43, 43' and 43" can be utilized by the control unit 18 to 
indirectly calculate the chain tension in chain 28, while 
bicycle driving sensor 43'" produces a more direct cal- 
culation of the chain tension in chain 28. When the chain 
tension exceeds 50 kilograms, the stiffness of the rear 
suspension 16 is made stiffer by the control unit 18. 
[0047] As seen in Figures 3, 11 and 12, the front and/ 
or rear suspension assemblies 14 and 16 can also be 
adjusted based on the current gear selection by the rid- 
er. More specifically, the front and rear gear position 
sensors 44 and 45 indicate the current sprocket that is 
engaged by the chain 28. 

[0048] In the preferred embodiment shown in Figure 
1 1 , the front gear position sensors 44 and 45 are mount- 
ed on the shifting units 44a and 44b for indicating the 
gear shift positions based on the shifts of the shifting 
units 44a and 44b. The precise construction of the gear 
position sensors 44 and 45 is not important to the 
present invention. Accordingly, it will be apparent to 
those skilled in the art from this disclosure that various 
other types of sensors may be utilized to determine the 
gear shift positions. A preferred example of the gear po- 
sition sensors 44 and 45 are illustrated and described 
in U.S. Patent No. 6,012,353 which is owned by Shi- 

[0049] Preferably, the gear position sensors 44 and 
45 are electrically coupled to control unit 18 and the 
computer display module D, which is also preferably 
electrically coupled to the control unit 1 8. When the front 
gear position sensor 44 indicates that the front sprocket 
24 with the smallest number of teeth (front low gear) is 
engaged by the chain 28, then the control unit 18 will 
adjust the rear suspension assembly 1 6 to make it stiff- 
er. Also, when either one of the two largest (the largest 
number of teeth) rear sprockets 34 and 35 (the two rear 
low gears) is engaged by the chain 28, the control unit 
1 8 will then make the rear suspension assembly 1 6 stiff- 
er. In other words, when either one of the two largest 
rear sprockets 34 and 35 is engaged, the rear gear po- 
sition sensor 45 sends a signal to the control unit 18 to 
make the rear suspension assembly 16 stiffer regard- 
less of the position of the chain 28 on the front sprockets 
24 and 25. Of course, the control unit 18 can be pro- 
grammed such that the compression and extension rate 
of the front suspension 14 will make the front and rear 
suspensions 14 and 16 stiffer if the terrain is rough re- 



gardless of gear positions. 

[0050] In an alternative em^Jteent as seen in Figure 
12, front and rear gear positi^^^isors 44' and 45' are 

mounted adjacent to the front sprockets 24 and 25, and 

5 the rear sprockets 31-35 for determining the current 
gear selection. The precise construction of gear position 
sensors 44' and 45' are not important to the present in- 
vention, and thus, their construction will not be dis- 
cussed and/or illustrated in detail herein. 

10 [0051] Considering the above-mentioned parame- 
ters, the rear suspension assembly 1 6 will either stiffen 
or soften accordingly based on the signal inputted into 
the control unit 18. The timing of the adjustment of the 
rear suspension assembly 16 takes into account the 

15 speed of the bicycle 1 0 and the distance B between the 
front and rear tires of the bicycle 10 as well as the 
amount of compression of the front suspension assem- 
bly 14. Thus, the rear suspension assembly 16 re- 
sponds at the appropriate time with the appropriate re- 

20 sistance. 

[0052] It will be apparent to those skilled in the art from 
this disclosure that the control unit 18 can be pro- 
grammed to independently control the front and rear 
suspension assemblies 14 and 18 to make them inde- 

25 pendently stiffer and/or softer in different degrees. In 
other words, the front and rear suspension assemblies 
14 and 16 can both be adjusted, but one or the other of 
the suspension assemblies can be adjusted to be more 
stiff or less stiff than the other suspension assembly. 

30 Moreover, it will be apparent to those skilled in the art 
from this disclosure that the control unit 18 can be pro- 
grammed such that all of the signals from the sensors 
41-45 are processed such that all parameters are con- 
sidered in adjusting the stiffness and/or softness of the 

35 suspension assemblies 14 and 16. In other words, cer- 
tain parameters may override other parameters in de- 
termining the softness and/or stiffness of the suspen- 
sion assemblies 14 and 16. In addition, the control unit 
1 8 can be preset at the bicycle manufacturer with certain 

40 preset selections based on the rider's skill and/or riding 
conditions. Alternatively, the control unit 18 can be set 
up such that the rider can adjust each of the parameters 
individually as needed and/or desired to meet the rider's 
skill and/or the riding conditions. Of course, once the 

45 control unit 18 has been programmed, the control unit 
1 8 will automatically adjust the front and/or rear suspen- 
sion assemblies 1 4 and 1 6 based on one or more of the 
above-mentioned parameters from one or more of the 
sensors 41-45. 

50 [0053] The particu lar co nstruction of the fro nt and rear 
suspension assemblies 14 and 16 is not critical to the 
present invention. There are currently numerous types 
of adjustable suspensions for bicycle 1 0 that can be uti- 
lized to carry out the present invention. Preferably, the 

55 suspension assemblies 14 and 16 are conventional air 
shocks with a hydraulic dampening mechanism that 
have been modified to carry out the present invention. 
[0054] For the sake of simplicity, only one of the cyl- 
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inders or shocks 50 from the front suspe nsion assembly 
14 will be discussed and illustrate^^kpin. It will be ap- 
parent to those skilled in the art froiMra disclosure that 
a pair of cylinders or shocks 50 are utilized to form the 
front suspension assemblyl 4, while a single cylinder or 5 
shock 70 can be utilized to form the rear suspension as- 
sembly 1 6. The constructions of the cylinders or shocks 
50 for the front suspension assembly 14 are substan- 
tially identical to the cylinder or shock 70 for the rear 
suspension assembly 16, except for their sizes and 
shapes. 

[0055] As seen in Figures 1 , 2 and-4, each cylinder 
50 basically includes outer and innertubulartelescoping 
members 51 and 52 defining inner cavities 53, 54 and 
55 in the cylinder 50. The outer tubular member 51 is 
coupled to the front hub 20a by a mounting member 56, 
while the innertubular member 52 is coupled to the main 
frame 1 2a by a mounting member 57. The outer tubular 
member 51 has the lower hydraulic cavity that receives 
the bottom end 52a of the inner tubular member 52. The 
bottom end 52a of the inner tubular member 52a forms 
a piston that has a plurality of orifices 58. The orifices 
58 fluidly couple the inner hydraulic cavities 53 and 54 
together such that hydraulic fluid flows from the lower 
hydraulic cavity 53 to an upper hydraulic cavity 53 
formed by a portion of the inner tubular member 52. The 
innertubular member 52 also has the air cavity or cham- 
ber 55 formed above the upper hydraulic cavity 54. 
[0056] The air chamber 55 and upper hydraulic cavity 
54 are separated by an axially slidable piston 59. Within 
the air chamber 55 is a coil spring 60. The stiffness of 
the cylinder 50 is controlled by changing the size of the 
orifices 58 utilizing a control disk 61 that is rotatably 
mounted to change the size of the orifices 58. In other 
words, the control disk 61 is moveable to change the 
amount of overlapping or closing of the orifices 58. Pref- 
erably, the control disk 61 of the cylinder 50 is controlled 
by a electric motor 62 that rotates the control disk 61 . 
The electric motor 62 is electrically coupled to the con- 
trol unit 1 8 that selectively operates the electrical motor 
62 to adjust the stiffness of the cylinder 50. Thus, the 
orifices 58 and the control disk 61 form a front cylinder 
control valve 63 that is automatically adjusted via the 
control unit 1 8. The electric motors 62 and the front cyl- 
inder control valves 63 of the cylinders 50 form a front 
controller or adjustment mechanism that changes or ad- 
justs the stiffness or softness of the front suspension as- 
sembly 1 4 based on the control unit 1 8. Of course, it will 
be apparent to those skilled in the art from this disclo- 
sure that other types of adjustment mechanisms can be 
utilized for controlling the stiffness of the cylinder 50. 
[0057] As seen in Figures 1 , 2 and 5, the cylinder 70 
basically includes outer and inner tubular telescoping 
members 71 and 72 defining inner cavities 73, 74 and 
75 in the cylinder 70. The outer tubular member 71 is 
coupled to the main frame portion 12a by a mounting 
member 76, while the inner tubular member 72 is cou- 
pled by a mounting member 77 to the rear frame 12b 



that is movably coupled to the main frame 1 2a. The out- 
er tubular member 71 has th^^^r hydraulic cavity that 
receives the bottom end 72d^Hre inner tubular mem- 
ber 72. The bottom end 72a of the inner tubular member 
72a forms a piston that has a plurality of orifices 78. The 
orifices 78 fluidly couple the inner hydraulic cavities 73 
and 74 together such that hydraulic fluid flows from the 
lower hydraulic cavity 73 to an upper hydraulic cavity 73 
formed by a portion of the inner tubular member 72. The 
innertubular member 72 also has the air cavity or cham- 
ber 75 formed above the upper hydraulic cavity 74. 
[0058] The air chamber 75 and upper hydraulic cavity 
74 are separated by an axially slidable piston 79. Within 
the air chamber 75 is a coil spring 80. The stiffness of 
the cylinder 70 is controlled by changing the size of the 
orifices 78 utilizing a control disk 81 that is rotatably 
mounted to change the size of the orifices 78. In other 
words, the control disk 81 is moveable to change the 
amount of overlapping or closing of the orifices 78. Pref- 
erably, the control disk 81 of the cylinder 70 is controlled 
by a electric motor 82 that rotates the control disk 81 . 
The electric motor 82 is electrically coupled to the con- 
trol unit 1 8 that selectively operates the electrical motor 
62 to adjust the stiffness of the cylinder 70. Thus, the 
orifices 78 and the control disk 81 form a rear cylinder 
control valve 83 that is automatically adjusted via the 
control unit 1 8. The electric motor 82 and the rear cylin- 
der control valve 83 of the cylinder 70 form a rear con- 
troller or adjustment mechanism that changes or adjusts 
the stiffness or softness of the rear suspension assem- 
bly 1 6 based on the control unit 1 8. Of course, it will be 
apparent to those skilled in the art from this disclosure 
that other types of adjustment mechanisms can be uti- 
lized for controlling the stiffness of the cylinder 70. 
[0059] Preferably, the lower hydraulic cavities 53 of 
the front cylinders 50 are fluidly connected to the corre- 
sponding hydraulic cavity 73 of the rear cylinder 70. The 
fluid conduit 85 connecting the front and rear hydraulic 
cavities 53 and 73 includes an ON/OFF valve 86 for dis- 
connecting the flow of fluid the front and rear hydraulic 
cavities 53 and 73. The control unit 1 8 is operatively cou- 
pled to valve 86, which acts to manually fix the ride 
height by fixing the front and rear suspension assem- 
blies 1 4 and 1 6. Thus, the rear suspension assembly 1 6 
can be locked in a compressed state. 
[0060] The oil or hydraulic fluid is a relatively incom- 
pressible fluid and the pistons are configured such that 
the oil and air provide a dampening function. Of course, 
this air and oil height/suspension locking mechanism 
can be used with traditional front and rear suspensions 
as needed and/or desired. 

[0061] The hydraulic fluid flowing between the first 
and second suspension assemblies 14 and 16 acts as 
a mechanical actuating mechanism between the front 
and rear suspension assemblies 14 and 16. The valve 
86 is attached to the conduit 85 for controlling the flow 
of hydraulic fluid between the front and rear suspension 
assemblies 14 and 16. Bottom portions of the front and 
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rear suspension assemblies 1 4 and16 are filled with oil 
or some other working fluid as dis^fed above and are 
coupled to the conduit 85. Upper^^Fons of the front 
and rear suspension assemblies 14 and 16 are filled 
with air. The conduit 85 is also filled with hydraulic fluid. 
Therefore, the front and rear suspensions along with the 
conduit 85 preferably form a closed system. When an 
operator (not shown) initially mounts the bicycle the sus- 
pension system, the front and rear suspension assem- 
blies 14 and 16 adjusts to his or her weight. When the 
valves 63, 83 and 86 are closed, hydraulic fluid in the 
conduit 85 cannot move between the front and rear sus- 
pension assemblies 14 and 16. Moreover, when the 
valves 63, 83 and 86 are closed, hydraulic fluid in the 
cylinders 50 and 70 will not move between the lower hy- 
draulic cavities 53 and 73 and the upper hydraulic cav- 
ities 54 and 74. Therefore, the height of the bicycle 10 
is substantially maintained whether the operator mounts 
or dismounts. In other words, the rear suspension as- 
sembly 16 is maintained in the compressed state and 
hydraulic fluid will not flow to the front suspension as- 
sembly 14. The valve 86 is preferably automatically ac- 
tivated by the control unit 1 8 as explained below. 
[0062] As seen in Figures 13-16, the valve 86 is pref- 
erably automatically operated by an electric motor 87 
that is controlled by the control unit 18. The valve 86 
includes a housing 86a with a first opening 86b, a sec- 
ond opening 86c and a control disk 86d movably mount- 
ed in the housing 86a between the first and second 
openings 86b and 86c. The control disk 86d has an or- 
ifice 86e and a plurality of teeth 86f on the outer periph- 
ery to form a gear for moving the control disk 86d to ei- 
ther align or offset the orifice 86e with the first and sec- 
ond openings 86b and 86c. Specifically, the gear 87a of 
motor 87 engages teeth 86f to rotate the control disk 
86d between an open position and a closed position. In 
other words, the controi disk 56u is rotatably mounted 
to the housing 86a about an axis of rotation, with the 
orifice 86e radially spaced from the axis of rotation. This 
arrangement locks the rear suspension assembly 16 in 
a compressed condition for easy mounting and dis- 
mounting. 

[0063] Preferably, the control unit 1 8 receives a signal 
from the forward velocity sensor 42 or 42' or 42" to de- 
termine when the bicycle 10 has come to a complete 
stop. Once the control unit 1 8 determine that the bicycle 
10 is completely stopped, the control unit 18 automati- 
cally closes the valves 63, 83 and 86 to lock the front 
and rear suspension assemblies 14 and 1 6. Preferably, 
the control unit 18 waits a few seconds after the bicycle 
1 0 has completely stopped before closing the valves 63, 
83 and 86. In other words, when the rider is sitting on 
the stopped bicycle 10, the rear suspension assembly 
16 is compressed under the weight of the rider. Thus, 
the hydraulic fluid from the rear cylinder 70 flows to the 
front cylinders 50. The control unit 18 locks front and 
rear suspension assemblies 1 4 and 1 6 so that the seat 
of the bicycle 10 is lower for easy mounting and dis- 



mounting of the bicycle 10. 

[0064] Referring to Figure^^n alternative method 
is illustrated for locking the^^Ruspension assembly 
16 in a compressed condition to be easily mounted and 

5 dismounted. In particular, a mechanical linkage assem- 
bly 90 is utilized instead of controlling the valves 63, 83 
and 86. The mechanical linkage assembly 90 should be 
capable of locking the inner and outer tubular members 
71 and 72 in a compressed condition. Preferably, the 

10 mechanical linkage assembly 90 is adjustable in length 
to accommodate different amounts of compression. The 
rear suspension assembly 1 6 has a fixed ratchet portion 
91 attached to outer tubular member 71 and a movably 
hook portion 92 that is normally biased away from the 

15 ratchet portion 91 by a torsion spring 93. A motor-oper- 
ated cable 94 is attached to the hook portion 92 to move 
the hook portion 92 into engagement with the ratchet 
portion 91. 

[0065] Preferably, a reversible motor 95 operate the 
20 motor-operated cable 94 to move the hook portion 92 
between a locked position and an unlocked position. In 
the locked position, the hook portion 92 engages teeth 
of the ratchet portion 91, while in unlocked position, the 
hook portion 92 is spaced from the teeth of the ratchet 
25 portion 91. The control unit 18 automatically operates 
the reversible motor 95. Once the control unit 1 8 deter- 
mine that the bicycle 1 0 is completely stopped, the con- 
trol unit 1 8 automatically energizes the reversible motor 

95 to move the hook portion 92 to the locked position . 
30 Preferably, the control unit 1 8 waits a few seconds after 

the bicycle 10 has completely stopped before locking 
the rear cylinder 70. In other words, when the rider is 
sitting on the stopped bicycle 10, the rear suspension 
assembly 1 6 is compressed under the weight of the rid- 

35 er. Thus, the rear suspension assembly 16 compen- 
sates for the rider's weight. The control unit 18 then 
locks the rear -suspension assembly 1 6 so that the seat 
of the bicycle 10 is lower for easy mounting and dis- 
mounting of the bicycle 1 0. 

40 [0066] Referring now to Figures 1 8-20, the coil spring 
60 or 80, preferably has a compressible material 96 lo- 
cated between individual turns of the coil spring 60 or 
80. Specifically, Figures 18 and 19 show an uncom- 
pressed state of the coil spring 60 or 80, while and Fig- 

45 ure 20 shows a compressed state of the coil spring 60 
or 80. In this embodiment, the compressible material 96 
is a coil or spiral shaped elastomeric member construct- 
ed of a resilient elastomer. The compressible material 

96 prevents the coil spring 60 or 80 from being fully com- 
50 pressed. Therefore, the coil spring 60 or 80 in has an 

increased spring constant. Of course, compressible ma- 
terial 96 can have different configurations as needed 
and/or desired. 

[0067] For example as seen in Figures 21 -23, the coil 
55 spring 60 or 80, preferably has a compressible material 
96' located between individual turns of the coil spring 60 
or 80. Specifically, Figures 21 and 22 show an uncom- 
pressed state of the coil spring 60 or 80, while and Fig- 
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ure 23 shows a compressed state of the coil spring 60 
or 80. In this embodiment, the comj^kible material 96' 
is an elastomeric member that has^Jfnnecting portion 
97' and a plurality of compressing portions 98' located 
between individual turns of the coil spring 60 or 80. The 
compressing portions 98* are individual fingers that are 
longitudinally spaced along the connecting portion 97'. 
As in the prior embodiment, the compressible material 
96' prevents the coil spring 60 or 80 from being fully 
compressed. Therefore, the coil spring 60 or 80 in this 
embodiment also has an increased spring constant. 
[0068] Referring now to Figures 24 and 25, the coil 
spring, preferably has a compressible material 
96" located between individual turns of the coil spring 
60 or 80. Specifically, in this embodiment, the compress- 
ible material 96" is compressible material is an elasto- 
meric coating that is applied to at least surfaces of the 
coil spring 60 or 80 that face one of the individual turns 
of the coil spring 60 or 80. Preferably, the entire coil 
spring 60 or 80 is completely coated. As in the prior em- 
bodiments, the compressible material 96" prevents the 
coil spring 60 or 80 from being fully compressed. There- 
fore, the coil spring 60 or 80 in this embodiment also has 
an increased spring constant. 

[0069] The terms of degree such as "substantially", 
"about" and "approximately" as used herein mean a rea- 
sonable amount of deviation of the modified term such 
that the end result is not significantly changed. These 
terms should be construed as including a deviation of at 
least ± 5% of the modified term if this deviation would 
not negate the meaning of the word it modifies. 
[0070] While only selected embodiments have been 
chosen to illustrate the present invention, it will be ap- 
parent to those skilled in the art from this disclosure that 
various changes and modifications can be made herein 
without departing from the scope of the invention as de- 
fined in the appended claims. Furthermore, the forego- 
ing description of the embodiments according to the 
present invention are provided for illustration only, and 
not for the purpose of limiting the invention as defined 
by the appended claims and their equivalents. 



Claims 

1 . A bicycle suspension system comprising: 
a control unit (18); 

a front suspension configured to be coupled be- 
tween a bicycle frame (12a) and a front wheel 
(20) such that the front wheel (20) is movable 
relative to the bicycle frame (12a) in response 
to a shock applied to the front wheel (20); 
a rear suspension configured to be coupled be- 
tween the bicycle frame (1 2a) and a rear wheel 
(19) such that the rear wheel (19) is movable 
relative to the bicycle frame (12a) in response 
to a shock applied to the rear wheel (1 9), said 



rear suspension being selectively adjustable by 
said control unit (1 8y^nange stiffness of said 
rear suspension; 

a front wheel terrain sensor (41) operatively 
5 coupled to said control unit (1 8) to input a first 

signal that is indicative of an amount of com- 
pression or expansion of said front suspension; 
and 

a rear controller operatively connected to said 
io rear suspension and said control unit (18) so 

that said control unit (18) selectively adjusts 
stiffness of said rear suspension in response to 
said amount of compression or expansion of 
said front suspension. 

15 

2. A bicycle suspension system according to claim 1 , 
wherein 

said front wheel terrain sensor (41) produces 
said first signal such that said control unit (18) cal- 
20 culates vertical and horizontal accelerations. 

3. A bicycle suspension system according to claim 1 
or 2, wherein 

said front wheel terrain sensor (41) includes 
25 an accelerometer. 

4. A bicycle suspension system according to claim 2, 
wherein 

said stiffness of said rear suspension is made 
30 softer by said control unit (18) when said vertical 
acceleration exceeds approximately 0.5G. 

5. A bicycle suspension system comprising: 

35 a control unit (18); 

a front suspension conf igu red to be coupled be- 
tween a bicycle frame (12a) and a front wheel 
(20) such that the front wheel (20) is movable 
relative to the bicycle frame (12a) in response 

40 to a shock applied to the front wheel (20), said 

front suspension being selectively adjustable 
by said control unit (18) to change stiffness of 
said front suspension; 

a front wheel terrain sensor (41) operatively 
45 coupled to said control unit (1 8) to input a first 

signal that is indicative of an amount of com- 
pression or expansion of said front suspension; 
and 

a front controller operatively connected to said 
so front suspension and said control unit (18) so 

that said control unit (18) selectively adjusts 
stiffness of said front suspension in response 
to said amount of compression or expansion of 
said front suspension; and 
55 said front suspension is by said control unit (18) 

to change stiffness of said front suspension. 

6. A bicycle suspension system according to claim 5, 
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wherein 

said front wheel terrain 5^^r (41 ) produces 

said first signal such that said^Brol unit (1 8) cal- 
culates vertical and horizontal accelerations. 



7. A bicycle suspension system according to claim 5 
or 6, wherein 

said stiffness of said front suspension is made 
stiffer by said control unit (18) when said horizontal 
acceleration exceeds approximately LOG. 

8. A bicycle suspension system comprising: 

a control unit (18); 

a front suspension configured to be coupled be- 
tween a bicycle frame (12a) and a front wheel 
(20) such that the front wheel (20) is movable 
relative to the bicycle frame (12a) in response 
to a shock applied to the front wheel (20), said 
front suspension being selectively adjustable 
by said control unit (18) to change stiffness of 
said front suspension; 

a rear suspension configured to be coupled be- 
tween the bicycle frame (12a) and a rear wheel 
(19) such that the rear wheel (19) is movable 
relative to the bicycle frame (12a) in response 
to a shock applied to the rear wheel (1 9), said 
rear suspension being selectively adjustable by 
said control unit (1 8) to change stiffness of said 
rear suspension; 

a front wheel terrain sensor (41) operatively 
coupled to said control-unit (18) to input a first 
signal that is indicative of an amount of com- 
pression or expansion of said front suspension; 
a front controller operatively connected to said 
front suspension and said control unit (18) so 
that said control unit (1 8) adjusts stiffness of 
front rear suspension; 

a rear controller operatively connected to said 
rear suspension and said control unit (18) so 
that said control unit (18) adjusts stiffness of 
said rear suspension; and 
said stiffness of at least one of said front and 
rear suspensions is made stiffer by said control 
unit (18) when said control unit (18) calculates 
a forward inclination of a predetermined value 
from horizontal. 

9. A bicycle suspension system according to claim 8, 
wherein 

said stiffness of said front suspension is made 
stiffer when said predetermined value of said for- 
ward inclination is at least approximately five per- 
cent. 

10. A bicycle suspension system according to claim 8 
or 9, wherein 

said stiffness of said rear suspension is made 



stiffer when said predetermined value of said for- 
ward inclination is at leajMsproximately five per- 
cent. 



Ba^jp^r 



10 



5 11. A bicycle suspension system comprising: 



a control unit (18); 

a suspension configured to be coupled be- 
tween first and second parts of a bicycle that 
are movable relative to each other in response 
to a shock applied to the bicycle, said suspen- 
sion being selectively adjustable by said control 
unit (1 8) to change stiffness of said suspension; 
a bicycle driving sensor (43, 43', 43", 43"') op- 
eratively coupled to said control unit (18) to in- 
put a first signal that is indicative of bicycle driv- 
ing force; and 

a controller operatively connected to said sus- 
pension and said control unit (18) so that said 
control unit (18) adjusts stiffness of said sus- 
pension in response to said bicycle driving 
force. 
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12. A bicycle suspension system according to claim 11, 
wherein 

said stiffness of said suspension is made stiff- 
er by said control unit (18) when said control unit 
(1 8) calculates a chain tension exceeds a predeter- 
mined value. 

13. A bicycle suspension system according to claim 11 
or 12, wherein 

said bicycle driving sensor (43') is a crank 
force sensor. 

14. A bicycle suspension system according to claim 11 
or 12, wherein 

said bicycle driving sensor (43") is a pedal 
force sensor. 

15. A bicycle suspension system according to claim 11 
or 12, wherein 

said bicycle driving sensor (43'") is a chain 
tension sensor. 

16. A bicycle suspension system according to claim 11 
or 12, wherein 

said bicycle driving sensor (43') is a torque 
sensor. 

17. A bicycle suspension system comprising: 

a control unit (18); 

a suspension configured to be coupled be- 
tween first and second parts of a bicycle that 
are movable relative to each other in response 
to a shock applied to the bicycle, said suspen- 
sion being selectively adjustable by said control 
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unit (1 8) to change stiffness of said suspension; 
a bicycle driving sensor (43^^^3", 43'") op- 
eratively coupled to said co^^init (1 8) to in- 
put a first signal that is indicative of bicycle driv- 
ing force; 

a controller operatively connected to said sus- 
pension and said control unit (18) so that said 
control unit (18) adjusts stiffness of said sus- 
pension in response to said bicycle driving 
force; and 

a veocity sensor (42, 42', 42") operatively cou- 
pled to said control unit (18) to input a second 
signal that is indicative of forward velocity. 

1 8. A bicycle suspension system according to claim 1 7, 
wherein 

said veocity sensor (42") is configured to 
measure revolutions of a crank per unit of time. 



er by said control unit (18) when said first signal of 
said first gear position sens^J44) indicates that a 
front sprocket (24) with lo^^Mumber of teeth is 
engaged by a chain (28). 



24. A bicycle suspension system according to claim 22 
or 23, wherein 

a second gear position sensor (45) operative- 
ly coupled to said control unit (1 8) to input a second 
10 signal that is indicative of gear position. 

25. A bicycle suspension system according to claim 24, 
wherein 

said stiffness of said suspension is made stiff- 
15 er by said control unit (1 8) when said second signal 
of said second gear position sensor (45) indicates 
that one of two rear sprockets (34, 35) with largest 
number of teeth is engaged by a chain (28). 



19. A bicycle according to claim 18, wherein 

said stiffness of said suspension is made stiff - 
er by said control unit (18) when said control unit 
(18) determines said revolutions of said crank per 
unit of time exceeds a predetermined value. 

20. A bicycle suspension system according to claim 1 7, 
wherein 

said veocity sensor (42, 42') is configured to 
measure revolutions of a wheel per unit of time. 

21 . A bicycle suspension system according to claim 20, 
wherein 

said stiffness of said suspension is made stiff- 
er by said control unit (18) when said control unit 
(18) calculates a horizontal velocity under a prede- 
termined value. 

22. A bicycle suspension system suspension system 
comprising: 

a control unit (18); 

a suspension configured to be coupled be- 
tween first and second parts of a bicycle that 
are movable relative to each other in response 
to a shock applied to the bicycle, said suspen- 
sion being selectively adjustable by said control 
unit (1 8) to change stiffness of said suspension; 
a first gear position sensor (44) operatively cou- 
pled to said control unit (1 8) to input a first sig- 
nal that is indicative of gear position; and 
a controller operatively connected to said sus- 
pension and said control unit (18) so that said 
control unit (18) adjusts stiffness of said sus- 
pension in response to said gear position. 

23. A bicycle suspension system according to claim 22, 
wherein 

said stiffness of said suspension is made stiff- 



20 26. A bicycle suspension system according to claim 22, 
wherein 

said stiffness of said suspension is made stiff- 
er by said control unit (18) when said first signal of 
said first gear position sensor (44) indicates that 
25 one of two rear sprockets (34, 35) with largest 
number of teeth is engaged by a chain (28). 

27. A bicycle suspension system according to claim 22, 
wherein 

30 said stiffness of said suspension is made stiff- 

er by said control unit (18) when said first signal of 
said first gear position sensor (44) indicates that a 
front sprocket (25) with largest number of teeth is 
engaged by a chain (28), and a second gear posi- 

35 tion sensor (45) indicates that rear sprocket (34) 
with second largest number of teeth is engaged by 
the chain (28). 

28. A bicycle suspension system according to claim 1 1 , 
40 12 or 22, wherein 

said suspension is a rear suspension assem- 
bly (16). 

29. A bicycle suspension system according to claim 11 , 
45 12 or 22, wherein 

said suspension is a front suspension assem- 
bly (14). 

30. A bicycle suspension system according to claim 22 
50 or 29, further comprising a rear suspension assem- 
bly (16) configured to be coupled between third and 
fourth parts of the bicycle, said rear suspension as- 
sembly (16) being selectively adjustable by said 
control unit (1 8) to change stiffness of said rear sus- 

55 pension assembly (1 6) via a rear controller. 

31. A bicycle suspension unit comprising: 
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32. 



a cylinder (50, 70) having a first mounting por- 
tion and a chamber (55j^^fcrvith an opening 
and an abutment; 

a piston (59, 79) having a first end portion mov- 
ably coupled in said chamber (55, 75) of said 
cylinder (50, 70) and a second mounting por- 
tion; and 

a dampening mechanism positioned within said 
chamber (55, 75) between said abutment and 
said piston (59, 79), said dampening mecha- 
nism including a coil spring (60, 80) and a com- 
pressible material (96, 96') located between in- 
dividual turns of said coil spring (60, 80). 

A bicycle suspension unit according to claim 31, 
wherein 

said compressible material (96, 96') is an 
elastomeric coating that is applied to surfaces of 
said coil spring (60, 80) that face one of said indi- 
vidual turns of said coil spring (60, 80). 



wherein 

said locking mecj^Kim is a mechanically 
member having first an^^Bnd retaining elements 
that are arranged and conjured to selectively cou- 
ple said piston (79) and said cylinder (70) in the 
compressed condition. 



38. A bicycle suspension system according to claim 36 
or 37, wherein 

10 said rear suspension is a fluid dampened rear 

suspension. 

39. A bicycle suspension system according to claim 38, 
further comprising 

15 a fluid dampened front suspension having a 

cylinder (50) with a first mounting portion and a 
chamber (55) with an opening and an abutment, 
and a piston (59) with a first end portion movably 
coupled in said chamber of said cylinder (50) and a 

20 second mounting portion. 



33. A bicycle suspension unit according to claim 31, 
wherein 

said compressible material (96') is an elasto- 
meric member that has a connecting portion (97*) 
and a plurality of compressing portions (98') located 
between individual turns of said coil spring (60, 80). 

34. A bicycle suspension unit according to claim 33, 
wherein 

said compressing portions (98') are individual 
fingers that are longitudinally spaced along said 
connecting portion (97'). 

35. A bicycle suspension unit according to claim 34, 
wherein 

said compressible member is a coll shaped 
elastomeric member that is located between indi- 
vidual turns of said coil spring (60, 80). 

36. A bicycle suspension system comprising: 

a control unit (18); 

a rear suspension having a cylinder (70) with a 
first mounting portion and a chamber (75) with 
an opening and an abutment, and a piston (79) 
with a first end portion movably coupled in said 
chamber (75) of said cylinder (70) and a second 
mounting portion; and 

a locking mechanism operatively coupled to 
said rear suspension to selectively lock said 
piston (79) and said cylinder (70) in a com- 
pressed condition when mounted on a bicycle, 
said locking mechanism being moved between 
an unlocked position and a locked position by 
said control unit (18). 

37. A bicycle suspension system according to claim 36, 



40. A bicycle suspension system according to claim 39, 
further comprising 

said locking mechanism includes a fluid con- 
25 duit (85) f luidly coupling said chambers of said front 
and rear suspensions together, a first valve (86) lo- 
cated within said fluid conduit (85) to control fluid 
volume in said chambers of said front and rear sus- 
pensions, a second cylinder control valve (83) that 
30 is arranged to lock fluid dampening of said rear sus- 
pension and a third cylinder control valve (63) that 
is arranged to lock fluid dampening of said front sus- 
pension, said first, second and third valves (86, 63, 
83) being operated by said control unit (18). 

35 

41. A bicycle suspension system according to claim 40, 
further comprising 

a velocity sensor operatively coupled to said 
control unit (18) to input a second signal that is in- 
40 dicative of forward velocity such that said control 
unit (18) to operates said first, second and third 
valves (86, 63, 83) after said control unit (18) deter- 
mines a zero forward velocity. 

45 42. A bicycle suspension system according to claim 41 , 
further comprising 

said control unit (18) operates said first, sec- 
ond and third valves (63, 83) only after waiting a 
predetermined period of time after determining said 

50 zero forward velocity. 

43. A bicycle suspension system according to any of 
the claims 40 to 42, wherein 

said first valve (63) includes a housing with a 
55 first opening, a second opening and a control disk 
(61) movably mounted to said housing between 
said first and second openings, said control disk 
(61) having an orifice that is either align or offset 



30 



35 



27 



EP 1 241 087 A1 



with said first and second openings by said control 
unit (18). 



44. A bicycle suspension system according to claim 43, 
wherein 

said control disk (61) is rotatably mounted to 
said housing about an axis of rotation, and said or- 
ifice is radially spaced said axis of rotation. 
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